STJMMARY A case is described with clinical and electrocardiographic findings of incessant junctional reciprocating tachycardia. Electrophysiological study showed that longitudinal dissociation of the atrioventricular node into two pathways was responsible for the maintenance of the arrhythmia. The two intranodal pathways had different refractory periods but reciprocally related and overlapping conduction times (anterograde fast, retrograde slow, and vice versa). Induction and termination of the arrhythmia was related to the presence of a partial atrio-nodal bypass tract.
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Atrioventricular re-entry is the most common mechanism of paroxysmal sustained supraventricular tachycardia in man.' Atrioventricular nodal re-entry is the result of a functional or anatomical dissociation of the atrioventricular node into two pathways with different conduction times and refractory periods. [2] [3] [4] In the usual type of atrioventricular nodal re-entry, the slow pathway is used for anterograde conduction and the fast pathway for retrograde propagation of the re-entrant impulse.3 Induction of atrioventricular nodal re-entry is dependent on the achievement of a critical atrioventricular nodal delay (AH interval). 4 Wu et al. 5 described an unusual type of atrioventricular nodal re-entry in which there is an intranodal anterograde fast and a retrograde slow pathway. They also showed that both types of atrioventricular nodal re-entry, usual and unusual, may be present in the same patient, that is the slow and fast pathways can be used in both anterograde and retrograde direction at different times. 5 
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group.bmj.com on April 12, 2017 -Published by http://heart.bmj.com/ Downloaded from Incessant junctional reciprocating tachycardia . . . (Fig. 2B) . Initiation of tachycardia number three was dependent on a critical atrial coupling interval ( Fig. 2A) or atrial paced cycle length (Fig. 2C) . Coupled atrial pacing during tachycardia number three induced only minimal lengthening of the atrioventricular nodal conduction times (A,-H,) of the premature impulse (Fig. 3A, B , and C). In contrast, lengthening of retrograde conduction time (11-Ae) was observed, with increasing prematurity of the atrial impulse (Fig. 3A,  B, (Fig. 1A, Fig. 3C ), and during coupled atrial pacing (A,-HK) it was 140 ms ( Fig. 3B and C) .
During sinus rhythm the basic conduction intervals were as follows: PA was 30 ms, AH was 80 ms, and the HV was 40 ms. During coupled atrial pacing the atrioventricular nodal conduction curves (A,A2-H H2Y were continuous. During right ventricular pacing no ventriculoatrial conduction was present. The patient was discharged on amiodarone (600 mg/day) and remained free of symptoms a year later. The electrophysiological study was not repeated.
Comments
Induction and termination of the tachycardia in our patient with a single atrial extrastimulus suggest the presence of a re-entrant mechanism (Fig. 2).1-7 The absence of ventriculoatrial conduction excludes the participation of a Kent bundle in the re-entry circuit. The differentiation between atrial tachycardia, with different Ae-H and H-A, intervals resulting from changes in autonomic tone, and atrioventricular nodal re-entrant tachycardia is more difficult; in our case the incessant form of the arrhythmia and the changes in AH intervals, however, which were abrupt and sustained, argue against atrial tachycardia and make atrioventricular nodal re-entry the most likely mechanism.' 10 We propose that the supraventricular tachycardia seen in our patient is the result of the presence of dual atrioventricular nodal pathways (alpha and beta) and, in addition, a partial atrionodal bypass tract. During sinus rhythm, the impulse propagates through the atrioventricular nodal pathways (alpha and beta) and through the bypass tract (Fig. 3D ). An atrial premature beat or a critical increase in sinus rate results in an anterograde block in the beta pathway with conduction through the alpha pathway and the atrionodal bypass tract. Conduction through the bypass tract propagates with faster velocity than in the intranodal alpha pathway and engages the beta pathway in a retrograde direction. Retrograde conduction through the beta pathway occurs with sufficient delay to enable the alpha pathway to recover and complete the re-entrant circuit in an anterograde direction (Fig. 3D) . Once the tachycardia is induced, the anterograde conduction occurs through the alpha pathway, the retrograde conduction through the beta pathway, and the depolarisation of the atria through the proximal common pathway (Fig. 3D) . During tachycardia, the impulse conducts through the alpha pathway rather than the bypass tract because of its closer anatomical location to the retrogradely conducting beta pathway. Retrograde conduction occurs through the beta pathway rather than the bypass tract because of retrograde block in the bypass tract resulting from concealed anterograde conduction of the atrial echo beat (Fig. 3D) . Termination of the arrhythmia is observed when a premature atrial beat at a critical coupling interval propagates through the bypass tract with a faster conduction velocity than through the alpha pathway, rendering the alpha and beta pathways refractory (Fig. 3D) .
The electrophysiological characteristics of both anterograde and retrograde intranodal pathways (alpha and beta) need further discussion. The retrograde (beta) pathway showed a progressive lengthening of its conduction time (Hs-Ae) at decreasing H-A, coupling intervals (Fig. 3C) . The anterograde conduction time through the alpha pathway showed pronounced and reciprocal variations with the conduction time present in the beta pathway. In addition, unexpected differences were observed in anterograde conduction times between spontaneous tachycardia and coupled atrial pacing. In fact, as shown in Fig. 3C , at similar H-A, and H-A, intervals, the anterograde conduction time (Ae-H) during spontaneous tachycardia was considerably longer than the conduction time (A,-HK) observed during coupling atrial pacing. This finding suggests that the pathway used for anterograde conduction during supraventricular tachycardia (alpha pathway) was different from the pathway used when premature atrial extrastimuli were delivered (atrionodal bypass tract). The latter pathway failed to show significant increases in its conduction time at close coupling intervals (H-A,) , suggesting the presence of a partial atrionodal bypass tract. The absence of ventriculoatrial conduction in our case can be explained by a unidirectional block in the distal common pathway (Fig. 3D) . Wu et al. 5 described three patients with atrioventricular nodal re-entrant tachycardia in whom the fast pathway was used for anterograde and the slow path- way for retrograde conduction (unusual type of atrioventricular nodal re-entry). They also showed that the same pathways could be used in the opposite direction, that is the fast for retrograde and the slow for anterograde conduction (usual type of atrioventricular nodal re-entry). 
group.bmj.com on April 12, 2017 -Published by http://heart.bmj.com/ Downloaded from when one was slow the other was fast and vice versa. Thus, in the present report, the anterograde and retrograde intranodal pathways could not be classified as either "slow" or "fast". For this reason we labelled them as alpha and beta pathways, according to the original description of Moe et al. 2 The varying and reciprocal changes of the conduction times in the two intranodal pathways recorded in this case are interesting in that they have not previously been reported in man, but observed only in the experimental animal models. 1 2 The presence of partial atrio-nodal bypass fibres has been suggested to explain the lack of AH interval prolongation observed during initiation of incessant junctional reciprocating tachycardia.I3 The postulated partial atrio-nodal bypass tract, however, could also have been an intranodal structure.'3 Our case provides electrophysiological evidence for the presence of a partial atrio-nodal bypass tract separate from the atrioventricular node.
Finally, the therapeutic implications of the described mechanism deserve further comments. In our case, the induction and the maintenance of the tachycardia were critically dependent on the presence of an atrio-nodal bypass tract and of dual atrioventricular nodal pathways, respectively. Either a "myocardial" or a "nodal" drug, affecting the electrophysiological properties of the bypass tract or of the atrioventricular node, might have been considered in combination or alone, as previously described.8 9 Amiodarone has been proved to exert significant electrophysiological effects (slower conduction velocity, increased refractory periods) on both the accessory pathway and the atrioventricular node.'4 15 Amiodarone may be the drug of choice in cases where multiple re-entrant pathways are responsible for the occurrence of supraventricular tachycardia.
